Granulated metrial gland cells were the only cells in the endometria of pregnant mice and rats that reacted histochemically with fluoresceinated lectin (DBA) from Dolichos biflorus. Cell extracts of uteri of pregnant animals, separated by sodium dodecyl sulfate polyacrylamide gel electrophoresis and analysed by lectin overlay blotting, contained DBA-reactive, 40\p=n-\50kDa, doublet glycoprotein bands. This glycoprotein was purified on a DBA agarose affinity column. It was identified by amino acid sequencing as a serine protease closely related to granzymes of T lymphocytes. We conclude that this granzyme accounts for the selective reactivity of granulated metrial gland cells with fluoresceinated DBA in histological sections of uteri of pregnant rodents and show that DBA affinity columns can be used for purification of granzyme derived from granulated metrial gland cells.
Introduction
The formation of decidua in pregnancy or in hormonally induced pseudopregnancy of rodents is accompanied by the appearance of a uterine swelling known as the metrial gland (Bulmer et ai, 1987; Peel, 1989) . The metrial gland and the adjacent decidua basalis of the midgestational uterus are infiltrated with a unique set of large cells known as granulated metrial gland cells (Peel, 1989) . These cells are rich on glycogen and complex glycoconjugates which account for their intense staining with the periodic acid Schiff reaction (PAS). Granulated metrial gland cells are shown by electron microscopy to contain large membrane bound cytoplasmic granules which contain lytic substances such as perforin and serin proteases (Parr et ai, 1990) . These findings indicate that the granulated metrial gland cells are closely related to cytotoxic lymphocytes, but their function remains unknown.
Lectins are plant or animal proteins that react with specific carbohydrate moieties (Damjanov, 1987) . As rodent granulated metrial gland cells are rich in PAS-positive carbohydrates, we hypothesized that these cells could be stained with lectins labelled with fluorescein isothiocyanate (FITC) . While studying mouse embryos we noticed that most lectins react with metrial gland cells. However, lectin from Dolichos biflorus (DBA) reacted exclusively with these cells. We propose that DBA could be used as a marker for granulated metrial gland cells in uteri of pregnant rodents. We also showed that the reactivity of DBA appears to be due to its reactivity with a richly glycosylated serin protease, related to granzymes, i.e. enzymes described in cytotoxic lymphocytes (Jenne & Tschopp, 1988) .
Materials and Methods

Preparation of tissue
The study was performed on freshly frozen uteri removed from mice and rats at known stages of pregnancy. In addition to frozen sections, formalin-fixed, paraffin-embedded tissues were used for some lectin staining. All sections were cut on a cryostat or microtome at 5-7 pm. The frozen sections were fixed in methanol. The paraffin sections were immersed in xylene to remove the paraffin, rehydrated in graded ethanol and then incubated for 30 min at 37°C in 005% pepsin in distilled water, brought to pH 20 with 1 mol HC1 1. This enzyme treatment is used to enhance the penetration of lectin into the tissue. After three washes in phosphate-buffered saline (PBS), at pH 7-2, the sections were incubated with FITC-labelled DBA (E-Y Laboratory, San Mateo, CA, USA). The incubation was performed in a moist chamber at room temperature for 30 min. The lectin was diluted in PBS to a concentration of 25 pg ml-1.
The control sections were incubated in a solution that contained, in addition to the FITC lectin, 0-2 mol Nacetylgalactosamine 1~' as the specific inhibitory sugar. After the incubation, the slides were washed in PBS, covered with glycerine and examined with a microscope (Olympus), fitted with an ultraviolet epi-illuminator.
Electrophoresis
Metrial glands or decidua were also analysed by sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE). Metrial glands isolated from uteri of 13-day pregnant mice were washed in cold 01% Triton X-100 in 001 mol Tris HCl 1 (pH 7-5), containing 015 mol NaCl 1 (washing buffer) (Arita et al, 1985) and 0-001 mol phenylmethylsulfonyl fluoride (PMSF) 1~'.
The tissue was washed and then homogenized with 1 % Triton X-100 in 001 mol Tris-HCl 1 " ' (pH 7-6), containing 0-15 mol NaCl ', 0-003 mol MgCl2 ' and 0-001 mol PMSF 1 " ', at 4°C for 45 min (extraction buffer) (Arita et al, 1985) . The homogenate was centrifuged for 30 min at 16 000 g at 4°C and the supernatant was passed through a DBAagarose affinity column (E-Y, San Mateo, CA, USA). The specifically bound glycoprotein was eluted with 0001 mol iV-acetylgalactosamine ' in washing buffer, pH 7-5. The eluant was dialysed against 001 % ammonium bicarbonate and lyophilysed. The lyophilysed powder was rehydrated in 500 pi of distilled water and solubilized in 4% SDS buffer (Laemmli, 1970) and analysed on a 7-5% or 3-15% gradient SDS-PAGE, at 40 V for 3 h.
Lectin blotting
After electrophoresis, the protein bands were blotted, i.e. transferred electrophoretically onto nitrocellulose paper in transfer buffer (0025 mol Tris HCl 1~' , 192 mol glycine I"1, 20% methanol, pH 8-3) at constant voltage for a total of 150 volt-hours. After protein transfer, the nitrocellulose papers were stained with Fast green, destained and incu¬ bated with 5% bovine serum albumin (BSA) in PBS, pH 7-2 for 30 min, at room temperature. The blots were washed in Tris-buffered-saline-Tween (TBST) buffer (0-1 mol Tris HCl 1" ', 0-15 mol NaCl l, pH 80, with 0-1 % Tween-20) several times, and then incubated with alkaline phosphatase-labelled DBA lectin, diluted to 25 pg ml-1, either at room temperature for 90 min, or overnight at 4°C.
After washing in TBST buffer, blots were equilibrated in alkaline phosphatase (AP) buffer (01 mol Tris HCl 1, 01 mol NaCl 1~' , 0005 mol MgCl2 1" ', pH 9-5), and lectin-binding glycoproteins were visualized by adding the APsubstrate solution containing bromochloro-indolyl phosphate and nitroblue tetrazolium (BCIP/NBT) in AP-buffer according to the instructions of the supplier (Sigma, St Louis, MO, USA). Control blots were preincubated with 0-2 mol specific inhibiting sugar (/V-acetylgalactosamine) l~' and treated as described.
Antibodies
For the production of antibodies the nitrocellulose strip containing the DBA-reactive glycoprotein was excised and solubilized in dimethyl sulfoxide. Aliquots of the solubilized glycoprotein, containing approximately 100-150pg protein were injected into female Sprague-Dawley rats at weekly intervals. These rats were bled from the tail vein and their serum was tested by dot-blotting on nitrocellulose impregnated with the glycoprotein that was used for immuniz¬ ation. Animals that were found to be immune on dot blot and had antibody titres over 1:1000 were bled from the abdominal aorta. Serum was collected, divided into aliquots and used for indirect immunohistochemical and western blotting studies (Damjanov et al, 1990) .
The amino acid sequencing of the glycoprotein eluted from the DBA column was performed at the Core Facility for Protein Chemistry, Department of Medicine, Division of Rheumatology, University of Alabama, Birmingham, AL (A. S. Bhown, Director): 100 pg of purified glycoprotein was sequenced according to the method of Bhown & Bennett (1985) and the sequences were entered into the computerized database Microgenie, Beckman, Palo Alto, CA and analysed for homology with the sequences of polypeptides stored as on 1 April 1991.
Results
FITC-DBA reacted selectively with granulated metrial gland cells in the decidua and in the metrial gland of pregnant mice (Fig. la) . The reactivity of the FITC-lectin was limited to these cells and no other maternal tissue component was found to fluoresce. On examination by high power micro¬ scope the FITC-DBA could clearly be seen to react with cytoplasmic granules of granulated metrial gland cells (Fig. lb) . Identical results were obtained with pregnant rat uteri examined from day 7 to day 15 of pregnancy. The fluorescence was equally strong in frozen sections and sections prepared from formalin-fixed paraffin-embedded tissues. The cytoplasmic granules were seen equally well in frozen and paraffin-embedded tissues. However, the overall preservation of tissues was better and the cytological details were delineated more sharply in paraffin-embedded tissues. The lectin binding could be completely inhibited by A'-acetylgalactosamine. Fig. 1 . Reaction of granulated metrial gland cells from the uterus of a 13-day pregnant mouse to (a and b) the fluoresceinated lectin from Dolichos biflorus and (c) the antibody to the 40-50 kDa lectin-binding glycoprotein isolated from the metrial glands, (a) Fluoresceinated lectin reacted exclusively with granulated metrial gland cells (x 135). (b) Single granulated metrial gland cell reacted with fluoresceinated lectin showing fluorescence of cytoplasmic granules ( 270). (c) Two GMG cells stained by indirect immunofluorescence with the antibody to the lectin-binding 40-50 kDa glycoprotein showing numerous immunoreactive cytoplasmic granules ( 272). All the sections were prepared from paraffin-embedded tissues.
Tissue extracts prepared from metrial glands of mice were affinity-purified on DBA columns and analysed by SDS-PAGE and lectin blotting. The extracts contained alkaline phosphataselabelled DBA-reactive doublet bands of 40-50 kDa (Fig. 2) . The reactivity of DBA with the glyco¬ protein bands could be inhibited with N-acetylgalactosamine. The antibodies raised in rats to the DBA-reactive material were tested on DBA-column-purified extracts of mouse metrial glands by indirect immunoblotting. The results were similar to those obtained by lectin blotting. The anti¬ bodies reacted with the same 40-50 kDa doublet bands as the DBA and more weakly with a 29 kDa band, probably corresponding to the deglycosylated core protein (Jenne & Tschopp, 1988) (Fig.  2b) . Identical results were obtained with the antibodies applied to the whole cell extract prepared from mouse metrial glands (data not shown). On histologie sections of metrial glands the anti¬ body reacted selectively with cytoplasmic granules of granulated metrial gland cells, visualized by indirect immunofluorescence microscopy (Fig. lc) . (Jenne & Tschopp, 1988) and mouse cytolytic serine proteases MCSP2 and MCSP3 (Kwon et ai, 1988) . The non-homologous amino acids are indicated by letters that are underlined.
DBA column-purified glycoproteins were sequenced and the analysis of the sequence of the first 20 amino acids disclosed a considerable homology, but not complete identity, with the amino acid sequences of several serine proteases (Fig. 3 ). The closest homology was found with granzymes , D and E (Jenne & Tschopp, 1988) and mouse cytolytic serine proteases from cytotoxic lymphocytes (Kwon et ai, 1988) .
Discussion
The derivation and the function of granulated metrial gland cells of uteri of pregnant rodents remain incompletely understood (Peel, 1989) . Immunophenotypic analysis indicates however that these cells are closely related to activated cytolytic lymphocytes and akin to natural killer cells or lymphokine-activated killer cells (Parr et ai, 1990) . It has been suggested that these cells act in the uteri of pregnant mice by discharging bioactive substances stored in their cytoplasmic granules. These granules are known to contain serine esterases and perforin (Parr et ai, 1990) . The relation¬ ship of murine granulated metrial gland cells to large granular lymphocytes in the human uterus (King & Locke, 1990 ) remains enigmatic.
In the present paper we show that murine granulated metrial gland cells contain a serine pro¬ tease that belongs to the family of granzymes (Jenne & Tschopp, 1988) found in activated lym¬ phocytes (Garcia-Sanz et ai, 1990) and natural killer cells (Anderson et ai, 1989) . Despite close homology with the mouse granzymes (Jenne & Tschopp, 1988) and the mouse cytolytic lympho¬ cyte serine proteases (Kwon et ai, 1988) the amino acid sequence of serine protease from granu¬ lated metrial gland cells differs from the sequences of related, previously reported enzymes. The molecular weight of the serine protease, from the granulated metrial gland cells which on all preparations appears as a 40-50 kDa doublet is also different from the molecular weight of other previously reported serine proteases. We thus conclude that this is a new enzyme, unique to murine granulated metrial gland cells.
The serine protease described in this paper is an esterase and it therefore corresponds to the esterase detected in granulated metrial gland cells by enzyme histochemistry (Bulmer 1964) . Apparently this esterase is a glycoprotein since it reacts avidly with the A-acetylgalactosaminebinding lectin from Dolichos biflorus. The lectin reactivity was identical in frozen sections and sections of paraffin-embedded tissues. Hence, DBA can be used as a histochemical reagent for visualizing the granulated metrial gland cells in histological sections. Most importantly this lectin can also be used for affinity purification of the serine protease from granulated metrial gland cells. This new isolation technique could expedite the purification of the enzyme in large quantities, enabling us to learn more about its functions in pregnancy.
